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Abstract

Waste rice seed is an important food for wintering waterfowl and current estimates of its availability are needed to
determine the carrying capacity of rice fields and guide habitat conservation. We used a line-intercept method to
estimate mass-density of rice seed remaining after harvest during 2010 in the Sacramento Valley (SACV) of California
and compared results with estimates from previous studies in the SACV and Mississippi Alluvial Valley (MAV). Posterior
mean (95% credible interval) estimates of total waste rice seed mass-density for the SACV in 2010 were 388 (336–449)
kg/ha in conventionally harvested fields and 245 (198–307) kg/ha in stripper-head harvested fields; the 2010 mass-
density is nearly identical to the mid-1980s estimate for conventionally harvested fields but 36% lower than the mid-
1990s estimate for stripped fields. About 18% of SACV fields were stripper-head harvested in 2010 vs. 9–15% in the
mid-1990s and 0% in the mid-1980s; but due to a 50% increase in planted rice area, total mass of waste rice seed in
SACV remaining after harvest in 2010 was 43% greater than in the mid-1980s. However, total mass of seed-eating
waterfowl also increased 82%, and the ratio of waste rice seed to seed-eating waterfowl mass was 21% smaller in 2010
than in the mid-1980s. Mass-densities of waste rice remaining after harvest in SACV fields are within the range reported
for MAV fields. However, because there is a lag between harvest and waterfowl use in the MAV but not in the SACV,
seed loss is greater in the MAV and estimated waste seed mass-density available to wintering waterfowl in SACV fields
is about 5–30 times recent MAV estimates. Waste rice seed remains an abundant food source for waterfowl wintering
in the SACV, but increased use of stripper-head harvesters would reduce this food. To provide accurate data on
carrying capacities of rice fields necessary for conservation planning, trends in planted rice area, harvest method, and
postharvest field treatment should be tracked and impacts of postharvest field treatment and other farming practices
on waste rice seed availability should be investigated.
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Introduction

The Central Valley of California is a critical wintering
area for many species of waterfowl and other

wetland-dependent birds in the Pacific Flyway (Gilmer
et al. 1982; U.S. Fish and Wildlife Service [USFWS] and
Canadian Wildlife Service 1986; Heitmeyer et al. 1989;
Western Hemisphere Shorebird Reserve Network 2003).
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Once estimated at 1.6–2 million ha, Central Valley
wetlands were reduced by .90% by the early 1900s
(USFWS 1978). In the northern Central Valley (i.e.,
Sacramento Valley [SACV]), rice fields replaced many
wetlands and provide valuable foraging habitat (Elphick
2000). Birds use both dry and flooded fields (Day and
Colwell 1998; Elphick and Oring 1998) with $118 species
during winter and 140 species overall observed using
SACV rice fields (Eadie et al. 2008). Most waterfowl and
many other bird species (e.g., mourning dove Zenaida
macroura, ring-necked pheasant Phasianus colchicus,
blackbirds Agelaius sp., Xanthocephalus xanthocephalus,
Euphagus cyanocephalus) feed extensively on waste rice
seed remaining in fields after harvest (Ferrel et al. 1949;
Cowan 1952; Crase and Dehaven 1978; Miller 1987; Eadie
et al. 2008). Waste rice is an especially important food
source for wintering waterfowl (Miller 1987; Heitmeyer
1989; Fleskes et al. 2005b; Ackerman et al. 2006) and vital
for sustaining the large populations of waterfowl that
winter in California (Miller and Newton 1999; Central
Valley Joint Venture 2006).

Consisting of 21 federal, state, and nongovernmental
organizations, the Central Valley Joint Venture (CVJV;
Joint Ventures are partnerships established under the
North American Waterfowl Management Plan to help
conserve the continent’s waterfowl populations and
habitats) has been the main organization conserving
habitats for waterfowl and other birds in the Central
Valley since 1988 (CVJV 2006). The CVJV uses a
bioenergetics-based model (Heitmeyer 1989) to deter-
mine habitat restoration and enhancement objectives
necessary to support desired levels of wintering water-
fowl populations. This model requires accurate estimates
of the rice seed mass-density to quantify the carrying
capacity of rice fields for wintering waterfowl (CVJV
2006). Studies in the 1980s and early 1990s provided
estimates of waste rice seed remaining in SACV rice fields
after harvest by conventional cutter-bar (Miller et al.
1989) and stripper-head (Miller and Wylie 1996) harvest-
ers. However, changes in harvester efficiency, plant
genetics, and farming practices may make past estimates
of rice seed mass-density obsolete. For example, Miller
and Wylie’s (1996) study was undertaken soon after
stripper-head harvesters had been introduced, and the
researchers predicted that waste rice mass-density in
stripped fields would decline as farmers fine-tuned
harvester operation and improved harvest efficiency.
Development of higher yielding rice varieties has
resulted in more waste rice in some regions (Eadie
et al. 2008). However, in the Mississippi Alluvial Valley
(MAV), development of faster maturing rice varieties has
permitted harvest to occur well before most wintering
waterfowl arrive, which allows more time for germina-
tion, decomposition, and consumption of waste rice by
nonwaterfowl species and reduces the amount available
for wintering waterfowl (Manley et al. 2004; Stafford et al.
2006; Kross et al. 2008; Havens et al. 2009). The timing of
rice harvest in the SACV has not changed substantially in
the past 25 y (U.S. Department of Agriculture 2011) but
climate change may alter future farming practices (Cayan
et al. 2008; California Climate and Agricultural Network

2011). The CVJV recognized the dynamic nature of the
Central Valley landscape and identified the monitoring of
rice habitats as a high priority (CVJV 2009).

In this study, we implemented a modified line-
intercept method (Halstead et al. 2011) across the
SACV to determine the average mass-density (kg/ha) of
rice seeds remaining in fields after harvest before
depletion by migratory birds. We compare current rice
seed mass-density estimates in the SACV with those
obtained previously and with estimates from the MAV
(Eadie et al. 2008) and discuss implications for wintering
waterfowl.

Methods

Field sampling
We estimated mass-density of rice seed remaining

after harvest in 101 rice fields distributed throughout the
SACV, 16 September–5 November 2010. We distributed
sampling among the eight main SACV rice-growing
counties (Figure 1) in approximate proportion to each
county’s percentage of the eight-county total rice crop
grown during 2008 (Butte: 19% of rice area in 2008, n =
17 fields sampled; Colusa: 30%, n = 30; Glenn: 17%, n =
15; Placer: 2%, n = 3; Sacramento: 3%, n = 2; Sutter:
19%, n = 22; Yolo: 5%, n = 8; Yuba: 7%, n = 4; U.S.
Department of Agriculture 2011). We used this sampling
distribution to account for potential variation caused by
geographic differences related to soils, local weather,
water supplies, and local farming traditions (Miller et al.
1989). Before harvest season, we identified rice fields
using Google Earth and obtained rice-grower contact
information via county-specific crop pesticide and other
databases. We then randomly selected growers in each
county and attempted to contact them until we obtained
access permission to enough fields (with limits on number
of fields per grower as described below) to meet our
sample goals for each county plus 25% extra in the event
that access permission fell through or harvesting occurred
too rapidly for us to sample some fields immediately after
harvest. Beginning in early September, we monitored
field status by driving public roads each day and
identifying fields where preparations were being made
for harvest or where harvest was occurring. To sample
seed mass-density before depletion by migratory birds
and to be consistent with previous work (Miller et al.
1989), we sampled fields as soon as possible after
harvest and before any postharvest field treatment (e.g.,
chopping, burning, disking, plowing, or flooding); most
fields were sampled within a few days after harvest.
Because rice seed mass-density could vary with farming
and harvester method and equipment, we followed
procedures of Miller et al. (1989), and sampled #2 fields
per grower unless they were large multioperator farms.
We did not make an effort to secure a sample of
conventional vs. stripper-head harvested fields after the
farmer was selected; but instead, we selected fields by
chance. The 101 fields we sampled were from 44
different growers (1 field from 8 growers, 2 from 24
growers, 3 from 7 growers, 4 from 3 growers, 5 from 1
grower, and 7 from 1 grower).
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Figure 1. Generalized areas of rice agriculture in the eight major rice-growing counties of the Sacramento Valley of California and
field locations where postharvest waste rice seed mass-densities were estimated in 2010 (adapted from Fleskes et al. 2005a).
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We used a modified line-intercept sampling method
developed in SACV rice fields (Halstead et al. 2011) to
estimate waste rice seed mass-density. The line-intercept
method uses segments of a line as observational units
(Daubenmire 1968; Bonham 1989). We selected three
random points within each field to serve as the starting
point for each line-intercept sample. At each of the three
random starting points we set a stake. If the stake was at
a rice check levee, we randomly selected a direction,
moved 10 m, and reset the stake. If the new point fell
outside the field border, we randomly selected a
direction that led back into field, and moved the stake
10 m in that direction. Starting at the stake, we removed
the straw (if present) away from a 1-m–wide, 6-m–long
path that was perpendicular to the direction that the
harvester had traveled. We then set a second stake at the
far end of the cleared path and attached a 6-m–long,
6.35-mm–wide plastic tape measure on which alternat-
ing red and black 10-cm sections were marked (i.e., 30
red and 30 black sections). We initially kept the tape
measure above the stubble but then clipped and
removed enough stubble to allow the tape measure to
touch the ground. We then counted and recorded the
number of whole and .half rice seeds (for broken and/or
partial seeds) that were under or touching each of the 30
red sections of the 6-m tape (.half seed counted as one
seed, ,half seed and empty hulls not counted). We used
a wire or pocket knife to flick chaff away (without
moving seeds) if necessary to expose the soil surface.
One sample is the total number of seeds on the ground
that were intercepted (touched on either side of the line
or lying wholly or partly under the line) by the 30 (10-cm)
red sections of a line. For each sample, we recorded field
identification (1–101), date, sample number (1–3), grower
identification, harvest method (conventional, stripper-
head, unknown), rice variety (short, medium, or long
grain), and presence or absence of straw.

Data analyses
We converted the number of seeds counted on the

ground (Table S1, Supplemental Material) to mass-density
(kg/ha) via the regression formula in Halstead et al.
(2011), slightly modified to use a square-root transfor-
mation (to approximate the Box–Cox transformation
with l = 0.54 from Halstead et al. [2011]). The regression
equation converts the total count of the seeds observed
in the 30 sampled 10-cm sections for each sampled plot
to mass-density in kg/ha via the correlation of counts
with mass densities. Because the width of the tape
(6.35 mm) is nonnegligible relative to the dimensions of
a rice seed, and because we counted all seeds within or
touching the vertical projection of the tape, the sample
was areal, consisting of a series of very narrow
rectangular quadrats, rather than a linear distance. We
did not use a simple scaling relationship because this
does not account for errors associated with potential
edge effects (mis-specifying the buffer to estimate the
actual sampled area [e.g., because many counted seeds
had much of their area outside the vertical projection of
the tape], bias with regard to including or excluding

seeds, etc.), whereas the regression equation properly
propagates these uncertainties (Halstead et al. 2011).

To estimate above-ground seed mass-density (needed
for adding to the ground estimates to calculate total
seed mass-density for comparisons with other regions),
we used data from previous SACV rice-field studies
(Miller et al. [1989] and B. Halstead, unpublished data for
conventionally harvested fields and unknown fields;
Miller and Wylie [1996] for stripped fields). To properly
account for uncertainty of the above-ground estimates
and correctly propagate error, rather than simply using
the estimated mean values, we simulated an above-
ground mass-density value from previous mean and
standard deviation estimates from the SACV for each plot
at each iteration of the Markov chain (Kéry 2010; Link and
Barker 2010). We added the simulated value for each plot
to the 2010 ground estimate for that plot to calculate
total seed mass-density for each plot at each iteration.

We compared mass-density estimates from this study
with previous SACV estimates (Table S1, Supplemental
Material) within harvest types and evaluated the mass-
density of waste rice remaining by different harvest
methods (conventional vs. stripper-head) in 2010 by
calculating the difference between posterior mean
densities of waste rice (Kéry 2010). Note that these
differences won’t exactly equal differences derived by
subtracting estimated means shown in Table 1, because
we are testing the difference between the estimated
means at each iteration of the Markov chain to obtain
the posterior distribution of the differences between
means, rather than estimating the posterior distribution
of the means and then calculating the difference
between them. For estimates from this study, we used
the posterior mean predicted rice mass-density for each
iteration as data. To obtain ground and straw estimates
for fields conventionally harvested in 1985 and 1986, we
multiplied total rice mass-density of each sample by the
proportions on the ground (0.7362) and in the straw
(0.2638) reported by Miller et al. (1989).

We conducted all analyses by calling WinBUGS 1.4.3
(Lunn et al. 2000) from R 2.12.2 (R Development Core
Team 2011) using the package R2WinBUGS (Sturtz et al.
2005). We ran each analysis on five chains of 1,000
iterations each, after discarding the first 200 iterations as
burn-in. We assessed convergence visually with history
plots and with the R̂R statistic (Gelman et al. 2004) as
calculated by R2WinBUGS. No evidence for lack of
convergence existed in any analysis (maximum R̂R =
1.0). Unless otherwise indicated, we report the posterior
mean and 95% symmetrical credible interval.

Results

Posterior mean (95% credible interval) estimates of rice
seed ground mass-density in the SACV in 2010 ranged
from 186 (151–231) kg/ha in stripper-head harvested
fields to 284 (248–323) kg/ha in conventionally harvested
fields (Table 1), with conventional harvesters resulting in
98 (67–129) kg/ha more waste rice on the ground than
stripper-head harvesters. Posterior mean estimates of
total waste rice seed mass-density for the SACV in 2010
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ranged from 245 (198–307) kg/ha in stripper-head
harvested fields to 388 (336–449) kg/ha in conventionally
harvested fields (Table 1), with conventional harvesters
resulting in 143 (114–172) kg/ha more total waste rice
than stripper-head harvesters. Estimates of waste rice
resulting from conventional harvest in 2010 were nearly
identical to 1985–1986 (Ground difference: 0 [217–18]
kg/ha; Total difference: 22 [218–15] kg/ha). In contrast,
estimates of waste rice resulting from stripper-head
harvest were lower in 2010 than in 1993 (Ground
difference: 298 [2129 to 267] kg/ha; Total difference:
2142 [2172 to 2114] kg/ha). Of the 101 fields we
sampled in 2010, 79 were conventionally harvested, 17
were stripper-head harvested, and 5 unknown; 98 were
medium-grain rice and 3 were short grain.

Discussion

Sacramento Valley 2010 vs. earlier
Our study shows that waste rice seeds are still

abundant in SACV fields. However, whereas our 2010
mass-density estimate is nearly identical to the mid-
1980s estimate for conventionally harvested fields (Miller
et al. 1989), our 2010 mass-density estimate of waste rice
seed remaining on the ground in stripper-head harvest-
ed fields is about 36% lower than the 1993 estimate
(Miller and Wylie 1996). Stripper-head harvesters were
first used by California rice growers in the early 1990s
(Thompson and Blank 2000), and although Miller and
Wylie (1996) found similar waste rice densities remaining
on the ground in conventionally and stripper-head
harvested fields in 1993, they predicted that operators
would learn to more efficiently operate stripper-head
harvesters and waste rice mass-density would decline.

We suspect that both improved stripper-head design
(Shelbourne Reynolds Inc. 2011) and more efficient
operation likely explains the reduction between 1993
and 2010 in waste seed remaining in stripped fields in
the SACV.

Stripper-head harvesters were used in the SACV to
harvest 17.7% of the known-type rice fields during our
2010 study (16.8% if the five unknowns were conven-
tionally harvested; 21.8% if the five unknowns were
stripper-head harvested) compared with 9% of the rice
fields in 1994 and 15% in 1995 (Day and Colwell 1998).
Although this suggests little change or a slight increase
in use of stripper-head harvesters in the SACV since the
mid-1990s, because most California operators (Thomp-
son and Blank 2000) avoid using stripper-head harvesters
in fields where rice is flattened by high winds or lodging
(i.e., permanent displacement of plant stems from the
vertical due to buckling of the stem or failure of root
system; Government of Alberta 2011), differences among
years could simply be due to annual variation in the
amount of rice that is flattened by winds or lodging.
Unfortunately, no data are available on extent of
flattened rice fields.

Sacramento Valley vs. Mississippi Alluvial Valley
In contrast to our results, Stafford et al. (2006) reported

more waste rice in stripped fields than conventional
fields, and Kross et al. (2008) reported no difference in
the MAV. If rates at which stripper-head harvesters are
used in fields where rice is flattened by wind or lodging
(which likely would have greater waste seed densities
than would undamaged fields [Government of Alberta
2011]) differ regionally, then regional estimates would
differ. However, it is unknown whether farmers in the

Table 1. Ground, above-ground, and total postharvest waste rice mass-densities during this 2010 study and earlier studies
(1985–1986, 1993) in the Sacramento Valley, California.

Fraction Harvest method

Mean (95% CIa; n) rice mass-density (kg/ha)

1985–1986b 1993c 2010d

Ground Conventional 284 (273–295; 341) — 284 (248–323; 238)

Stripped — 291 (274–308; 136) 186 (151–231; 48)

Unknown — — 276 (226–330; 13)

Overall — — 267 (234–306; 299)

Above-grounde Conventional 102 (94–110; 341) — 103 (70–151; 238)

Stripped — 53 (41–66; 136) 59 (34–104; 48)

Unknown — — 108 (38–267; 13)

Overall — — 97 (69–140; 299)

Total Conventional 386 (376–396; 341) — 388 (336–449; 238)

Stripped — 344 (326–360; 136) 245 (198–307; 48)

Unknown — — 384 (291–553; 13)

Overall — — 364 (320–425; 299)

a Confidence or credible intervals.
b Miller et al. (1989).
c Miller and Wylie (1996).
d Data from this 2010 study for ground estimates. For above-ground estimates, values were simulated using Markov chain Monte Carlo methods

(Kéry 2010; Link and Barker 2010) based on the lognormal mean and standard deviation of values from 2009 (B. Halstead, unpublished data) and
Miller et al. (1989; which were nearly identical) for conventionally harvested and unknown fields and from Miller and Wylie (1996) for stripped
fields.

e Seeds in straw for conventionally harvested fields and on standing stalks for stripped fields.
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MAV, like those in California (Thompson and Blank 2000),
also avoid using stripper-head harvesters where rice is
flattened. Long-grain varieties of rice comprise .90% of
rice grown in the MAV, whereas medium-grain varieties
comprise .90% of rice grown in California (U.S.
Department of Agriculture 2011); differences in harvester
efficiency among rice varieties (Delta Farm Press 2000)
would result in regional differences in waste rice
densities. Field-sampling methods differed for the MAV
(soil core: Manley et al. 2004; Stafford et al. 2006; Kross
et al. 2008; Havens et al. 2009) and SACV (vacuuming
plot: Miller et al. 1989; Miller and Wylie 1996; visual
modified line-transect: this study) studies, and if rates at
which seeds were missed differed by sampling method
then regional comparisons would be biased. Stafford et
al. (2006) reported that 90% of waste rice seeds were
recovered with soil cores. Although seed detection rates
for the SACV studies are unknown, we assume they are
similarly high and any regional bias in comparisons small.

Our estimates of postharvest waste rice seed mass-
densities for the SACV are within the range reported for
the MAV, but our estimates of waste seed mass-density
remaining for wintering waterfowl are about 4–32 times
the most recent estimates from the MAV (Table 2).
Arrival of wintering waterfowl in the SACV is earlier than
in the MAV, and large numbers of wintering waterfowl
are present as SACV rice fields are being harvested and
flooded (Heitmeyer et al. 1989). Thus, in SACV, the mass-
density of rice available to waterfowl at the start of the
wintering period is approximately equal to the mass-
density of waste rice in fields immediately after harvest.
In contrast, rice harvest in the MAV occurs about 2 wk
earlier than in the SACV, and arrival of large numbers of
wintering waterfowl is several weeks later than in SACV
(Stafford et al. 2006). Thus, loss of rice seeds in MAV fields
to nonwaterfowl consumers, decomposition, and germi-
nation is much greater than in the SACV, and rice
densities available for wintering waterfowl are much
lower than in the SACV; development of earlier maturing
rice varieties has increased this loss in the MAV since the
1980s (Table 2).

Data limitations
Our study provides estimates of waste rice seed

densities immediately after harvest. Although our esti-
mates likely also accurately represent seed availability in
flooded fields that do not receive any stubble treatment
prior to being flooded, burning destroys some seeds and
tillage (such as plowing) buries and greatly reduces seed
availability in dry fields (Miller et al. 1989). Based on
relatively high use by foraging waterfowl (Miller et al.
1989; Day and Colwell 1998), flooding apparently exposes
or otherwise makes available at least some buried seeds to
foraging waterfowl; however, additional research is
needed to determine actual availability of seeds in flooded
fields that have undergone preflooding tillage. Sampling
dry fields is much easier than sampling flooded fields, so
research that includes investigation of the relationship
between postharvest waste rice mass-density immediate-
ly before and after flooding for fields treated with each
postharvest tillage practice is recommended to possibly

eliminate the need to again sample flooded fields when
updated estimates are needed.

Additional research is needed to better understand
annual variation in waste seed mass-density and rice
harvest method related to harvest timing and other
factors. Our 2010 study was conducted in a year of
delayed rice harvest, and although timing of our
sampling matched the long-term average progression
of harvest (U.S. Department of Agriculture 2011) and was
similar to timing of the 1985–1986 sampling (Miller et al.
1989), it did not match seasonal harvest progression as
well (e.g., 1985–2010 average harvest completion by 1
November was 88%; percent sampling vs. percent
harvest completed by 1 November was 93% vs. 75% in
2010, 88% vs. 85% in 1985, and 93% vs. 90% in 1986).
Thus, our 2010 estimates do not include data from the
greater than normal portion of fields harvested after
early November, which may have different waste rice
mass-density or harvest methods than do fields harvest-
ed during September–October.

We collected data on mass-density of rice seeds
remaining on the ground during this study but used
earlier above-ground estimates. These earlier estimates
were appropriate for our use because the data were also
collected in SACV rice fields immediately after harvest
and the nearly identical above-ground rice seed mean
mass-density estimates in the mid-1980s (Miller et al.
1989) and 2009 (B. Halstead, unpublished data) indicate
no change among years. Thus, although our use of
earlier data does not account for annual variability in
above-ground mass-density, we are confident no signif-
icant bias was introduced into our estimates.

Implications for waterfowl
Our study shows that although most SACV fields are

still harvested with conventional harvesters and most
have similar mass-density of waste rice seed as did fields
in the mid-1980s (Miller et al. 1989), stripper-head
harvesting has reduced waste seed mass-density in
about 18% of SACV fields (Table 1). However, the
amount of waste rice actually available to each duck,
goose, or swan varies not only with factors that impact
the mass-density of waste rice seed in fields (e.g.,
harvester type [this study], depletion by nonwaterfowl
seed eaters, loss to decomposition [Eadie et al. 2008]),
but also with the total extent of rice fields, the total
biomass of waterfowl competing for seeds, and factors
that impact the accessibility of waste rice seeds to
foraging waterfowl (e.g., postharvest flooding; Miller et
al. 1989, 2010). Area of planted rice in the SACV was 52%
greater in 2010 (220,477 ha) than in 1985–1986 (1985–
1986 mean: 144,881 ha; U.S. Department of Agriculture
2011) resulting in 43% more waste rice in 2010
([{220,477 ha 6 0.177 stripped} 6 245 kg/ha] +
{[220,477 ha 6 0.823 conventional} 6 388 kg/ha] =
80.0 metric tons) than in 1985–1986 (144,881 ha 6
386 kg/ha = 55.9 metric tons). During the same interval,
the total mass of seed-eating waterfowl wintering in the
SACV increased 82% from 1.90 metric tons in 1985–1986
to 3.45 metric tons in 2010 (calculated by multiplying
midwinter abundance of each species [USFWS 1986,
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1987, 2011] by the proportion of each species’ diet that
the CVJV assumes is composed of seeds [1.0, except 0.7
for gadwall Anas strepera and American wigeon A.
americana, 0.5 for northern shovelers A. clypeata and all
diving ducks Aythya sp., and 0.0 for mergansers Mergus
sp., Lophodytes cucullatus; CVJV 2006] and by the
approximate mean body mass of each waterfowl species
[calculated from Bellrose {1980} values assuming equal
age and sex ratios]). Thus, 21% fewer grams of waste rice
seed per gram of seed-eating duck, goose, and swan was
present in SACV rice fields after harvest in 2010 (23.2 g
rice/g waterfowl) than in 1985–1986 (29.4 g rice/g
waterfowl). Postharvest flooding of SACV rice fields
greatly increased during the same interval (Fleskes et
al. 2005a; Miller et al. 2010). Based upon the greater
improvement in body condition of rice-eating dabbling
ducks than other SACV waterfowl (Fleskes et al. 2009;
Thomas 2009), this increased flooding apparently im-
proved dabbling duck access to waste rice seed and
countered the impact of a smaller ratio of waste rice seed
to seed-eating waterfowl mass.

Management Recommendations

Although the total amount of waste rice in the SACV
has increased during the past 25 y, as data from the MAV
and stripper-head harvested fields show, changes in crop
genetics and agricultural practices can greatly impact the
amount of waste rice seed that is available to waterfowl.

For example, our data indicate that increased use of
stripper-head harvesters would lower carrying capacity
of SACV rice fields for wintering waterfowl and other
birds. In addition, climate change, changes in water
supply prioritization, urbanization, and other factors may
impact water supplies and area of rice that is planted and
flooded after harvest (Fleskes 2012). To provide accurate
data on carrying capacity of the SACV that is necessary
for informed conservation planning, trends in rice extent
and agricultural practices should be tracked every few
years and impacts of harvest method, postharvest field
treatment (Miller et al. 2010), and other agricultural
practices on waste rice seed availability should be
investigated. Increased postharvest flooding could be
used by managers to improve foraging conditions for
dabbling ducks and counteract reductions in the amount
of waste rice seed resulting from increased use of
stripper-head harvesters, reduced rice extent, or other
factors. However, habitat needs of other bird species that
forage primarily in unflooded rice fields (Elphick and
Oring 1998; Elphick 2004) should also be considered.

Supplemental Material

Please note: The Journal of Fish and Wildlife Management
is not responsible for the content or functionality of any
supplemental material. Queries should be directed to the
corresponding author for the article.

Table 2. Comparison of the total waste rice mass-density (kg/ha) in Sacramento Valley (SACV) and Mississippi Alluvial Valley
(MAV) fields during 1983–2010 immediately after harvest (Postharvest) and by the time large numbers of wintering waterfowl are
first present in the region (Remaining for wintering waterfowl [Rem. for WW]). In the SACV, wintering waterfowl are abundant when
fields are being harvested so ‘‘Postharvest’’ and ‘‘Rem. for WW’’ densities are assumed to be equal.

Period Region (year) Source

Mean (95% CIa) rice mass-density (kg/ha)

Conventional Stripped Overall

Postharvest SACV (2010) This study 388 (336–449) 245 (198–307) 364 (320–425)

SACV (1993) Miller and Wylie (1996) — 344 (326–360) —

SACV (1985–1986) Miller et al. (1989) 386 (376–396) — —

MAV - Arkansas (2004) Havens et al. (2009) 177 (122–232)b — —

MAV (2003) Kross et al. (2008) — — 304 (261–355)c

MAV (2000–2002) Stafford et al. (2006) 226 (160–292) 355 (259–452) 271 (203–338)

MAV - Mississippi (1996) Manley et al. (2004) 493 (352–634) — —

MAV - Mississippi (1995) Manley et al. (2004) 491 (327–655) — —

Rem. for WW MAV - Arkansas (2004) Havens et al. (2009) 35 (25–45)b — —

MAV (2003) Kross et al. (2008) — — 66 (51–85)c

MAV (2000–2002) Stafford et al. (2006) 85 (53–117) 68 (34–102) 78 (55–102)

MAV - Mississippi (1996) Manley et al. (2004) 12 (9–16)d — —

MAV - Mississippi (1995) Manley et al. (2004) 69 (46–92)d — —

MAV - Arkansas (1984) Reinecke et al. (1989) 140e — —

MAV - Arkansas (1983) Reinecke et al. (1989) 223e — —

a Presented values in parentheses are 95% confidence or credible intervals. Where necessary, confidence intervals were calculated from published
sample sizes and standard errors using the t distribution.

b Values estimated from figure 2A in Havens et al. (2009).
c Found no difference in waste rice mass-density by harvest method and reported only an overall estimate.
d Values approximated by multiplying mean and confidence limits by the median percent decline for each year (86% in 1995 and 97.5% in 1996) in

Manley et al. (2004).
e Based on nine fields in 1983 and eight fields in 1984; no variance estimate provided.
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Table S1. Microsoft ExcelH file containing individual
data sheets for 1985–1986, 1993, and 2010 data used in
the analysis of rice seed mass-density remaining in fields
after harvest in the Sacramento Valley, California. Data for
1985–1986 and 1993 consist of the year that data were
collected; the field unique identifier; the plot identifier
within each field; the harvester type that had been applied
to each plot; and the mass density (kg/ha) of rice seeds on
the ground, straw, and total for each plot. Data for 2010
consist of the year that data were collected, the field
unique identifier, the plot identifier within each field, the
sample identifier within each plot, the harvester type that
had been applied to each plot, and the number of rice
seeds counted on the ground in each sample.

Found at DOI: http://dx.doi.org/10.3996/022012-
JFWM-014.S1 (284 KB XLSX).

Reference S1. [USFWS] U.S. Fish and Wildlife Service.
1978. Concept plan for waterfowl wintering habitat
preservation, Central Valley, California. Portland, Oregon:
U.S. Fish and Wildlife Service.

Found at DOI: http://dx.doi.org/10.3996/022012-
JFWM-014.S2 (78.7 MB PDF).

Reference S2. [USFWS] U.S. Fish and Wildlife Service.
1986. Winter waterfowl survey, Pacific Flyway (California),
January 6–10, 1986. Portland, Oregon: U.S. Fish and
Wildlife Service.

Found at DOI: http://dx.doi.org/10.3996/022012-
JFWM-014.S3 (4 MB PDF).

Reference S3. [USFWS] U.S. Fish and Wildlife Service.
1987. Winter waterfowl survey, Pacific Flyway (California),
January 5–9, 1987. Portland, Oregon: U.S. Fish and
Wildlife Service.

Found at DOI: http://dx.doi.org/10.3996/022012-
JFWM-014.S4 (4 MB PDF).

Reference S4. [USFWS] U.S. Fish and Wildlife Service.
2011. Winter waterfowl survey, Pacific Flyway (California)
January 3–7, 2011. Portland, Oregon: U.S. Fish and
Wildlife Service.

Found at DOI: http://dx.doi.org/10.3996/022012-
JFWM-014.S5 (5.1 MB PDF).

Reference S5. [CVJV] Central Valley Joint Venture.
2009. Central Valley Joint Venture monitoring and
evaluation plan: wintering waterfowl. Sacramento, Cali-
fornia: U.S. Fish and Wildlife Service.

Found at DOI: http://dx.doi.org/10.3996/022012-JFWM-
014.S6; also available at http://www.centralvalleyjointventure.
org/assets/pdf/CVJV_Wintering_Waterfowl_Monitoring_
Evaluation_Plan.pdf (370 KB PDF).

Reference S6. Western Hemisphere Shorebird Re-
serve Network. 2003. Sacramento Valley.

Found at DOI: http://dx.doi.org/10.3996/022012-
JFWM-014.S7; also available at http://www.whsrn.org/
site-profile/sacramento-valley (290 KB PDF).
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Kéry M. 2010. Introduction to WinBUGS for ecologists: a
Bayesian approach to regression, ANOVA, mixed
models and related analyses. Burlington, Massachu-
setts: Academic Press. Available: http://www.lce.esalq.
usp.br/arquivos/aulas/2010/LCE5813/Introduction%20
to%20WinBUGS%20for%20Ecologists.pdf (June 2012).

Kross JP, Kaminski RM, Reinecke KJ, Pearse AT. 2008.
Conserving waste rice for wintering waterfowl in the
Mississippi Alluvial Valley. Journal of Wildlife Manage-
ment 72:1383–1387.

Link WA, Barker RJ. 2010. Bayesian inference with
ecological applications. London, United Kingdom:
Academic Press.

Lunn DJ, Thomas A, Best N, Spiegelhalter D. 2000.
WinBUGS—a Bayesian modeling framework: concepts,
structure, and extensibility. Statistics and Computing
10:325–337.

Manley SW, Kaminski RM, Reinecke KJ, Gerard PD. 2004.
Waterbird foods in winter-managed ricefields in
Mississippi. Journal of Wildlife Management 68:74–
83.

Miller MR. 1987. Fall and winter foods of northern pintails
in the Sacramento Valley, California. Journal of Wildlife
Management 51:405–414.

Miller MR, Garr JD, Coates PS. 2010. Changes in the status
of harvested rice fields in the Sacramento Valley,

Waste Rice in California J.P. Fleskes et al.

Journal of Fish and Wildlife Management | www.fwspubs.org December 2012 | Volume 3 | Issue 2 | 274



California: implications for wintering waterfowl. Wet-
lands 30:939–947.

Miller MR, Newton WE. 1999. Population energetics of
northern pintails wintering in the Sacramento Valley,
California. Journal of Wildlife Management 63:1222–
1238.

Miller MR, Sharp DE, Gilmer DS, Mulvaney WR. 1989. Rice
available to waterfowl in harvested fields in the
Sacramento Valley, California. California Fish and
Game 75:113–123. Available: http://archive.org/details/
californiafishga75_2cali (August 2012).

Miller MR, Wylie GD. 1996. Preliminary estimate of rice
present in strip-harvested fields in the Sacramento
Valley, California. California Fish and Game 82:187–
191. Available: http://www.werc.usgs.gov/Product
Details.aspx?ID = 341 (August 2012).

R Development Core Team. 2011. R: a language and
environment for statistical computing. Vienna: R
Foundation for Statistical Computing. Available:
http://www.R-project.org/ (June 2012).

Reinecke KJ, Kaminski RM, Moorhead DJ, Hodges JD,
Nassar JR. 1989. Mississippi Alluvial Valley. Pages 203–
247 in Smith LM, Pederson RL, Kaminski RM, editors.
Habitat management for migrating and wintering
waterfowl in North America. Lubbock: Texas Tech
University Press.

Shelbourne Reynolds Inc. 2011. Design history—agricul-
tural equipment manufacturer—Shelbourne Reynolds.
Available: http://www.shelbourne.com/3/products/1/
harvesting/31_stripper-header/35_design-history (June
2012).

Stafford JD, Kaminski RM, Reinecke KJ, Manley SW. 2006.
Waste rice for waterfowl in the Mississippi Alluvial
Valley. Journal of Wildlife Management 70:61–69.

Sturtz S, Ligges U, Gelman A. 2005. R2WinBUGS: a
package for running WinBUGS from R. Journal of
Statistical Software 12:1–16.

Thomas DR. 2009. Assessment of waterfowl body
condition to evaluate the effectiveness of the Central

Valley Joint Venture. Master’s thesis. University of
California, Davis. Available: http://gradworks.umi.com/
14/72/1472632.html (June 2012).

Thompson JF, Blank SC. 2000. Harvest mechanization
helps agriculture remain competitive. California Agri-
culture 54(3):51–56.

U.S. Department of Agriculture. 2011. Quick stats: United
States Department of Agriculture, National Agricultur-
al Statistics Service. Available: http://quickstats.nass.
usda.gov/ (June 2012).

[USFWS] U.S. Fish and Wildlife Service. 1978. Concept plan
for waterfowl wintering habitat preservation, Central
Valley, California. Portland, Oregon: U.S. Fish and
Wildlife Service (see Supplemental Material, Reference
S1, http://dx.doi.org/10.3996/022012-JFWM-014.S2).

[USFWS] U.S. Fish and Wildlife Service. 1986. Winter
waterfowl survey, Pacific Flyway (California), January
6–10, 1986. Portland, Oregon: U.S. Fish and Wildlife
Service (see Supplemental Material, Reference S2,
http://dx.doi.org/10.3996/022012-JFWM-014.S3).

[USFWS] U.S. Fish and Wildlife Service. 1987. Winter
waterfowl survey, Pacific Flyway (California), January
5–9, 1987. Portland, Oregon: U.S. Fish and Wildlife
Service (see Supplemental Material, Reference S3,
http://dx.doi.org/10.3996/022012-JFWM-014.S4).

[USFWS] U.S. Fish and Wildlife Service. 2011. Winter
waterfowl survey, Pacific Flyway (California), January
3–7, 2011. Portland, Oregon: U.S. Fish and Wildlife
Service (see Supplemental Material, Reference S4,
http://dx.doi.org/10.3996/022012-JFWM-014.S5).

U.S. Fish and Wildlife Service and Canadian Wildlife
Service. 1986. North American waterfowl manage-
ment plan. Available: http://www.fws.gov/birdhabitat/
NAWMP/files/NAWMP.pdf (August 2012).

Western Hemisphere Shorebird Reserve Network. 2003.
Sacramento Valley (see Supplemental Material, Refer-
ence S6, http://dx.doi.org/10.3996/022012-JFWM-014.
S7); also available: http://www.whsrn.org/site-profile/
sacramento-valley (August 2012).

Waste Rice in California J.P. Fleskes et al.

Journal of Fish and Wildlife Management | www.fwspubs.org December 2012 | Volume 3 | Issue 2 | 275



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


